We carried out a case-control study of hepatocellular carcinoma (HCC) including 204 patients with HCC and 410 control subjects in Fukuoka prefecture, where HCC risk is among the highest in Japan. The possible risk factors examined were: a) chronic hepatitis B virus (HBV) infection, b) alcohol consumption and cigarette smoking, c) a past history of blood transfusion and hepatitis C virus (HCV) infection. Chronic HBV infection was strongly associated with the development of HCC (relative risk, RR = 14.6). Heavy drinkers experienced about a two-fold risk increase, yet a relationship between cigarette smoking and HCC was not evident. Blood recipients showed a significantly increased RR of 3.0. Serum antibodies to HCV (anti-HCV) were detected by both enzyme-linked immunosorbent assay and recombinant immunoblot assay in 51% of HCCs and 3% of the controls; the RR (and 95% confidence interval) for positive anti-HCV was calculated as 52.3 (23.9-114.3). Among male patients with HCC, the anti-HCV rates were very high in blood recipients (68%), heavy drinkers (62%) and those who had no identifiable risk factors (75%), indicating the possible transmission of HCV via routes other than blood transfusion. We estimated the population attributable risk of HCC at 17% for chronic HBV infection, 13% for heavy drinking, and 49% for HCV infection in Fukuoka. Further investigations are still needed to identify the other infectious routes of HCV besides transfusion.
INTRODUCTION
In Japan, figures for mortality from primary liver cancer (PLC) show a characteristic pattern from the view of descriptive epidemiology. First, among the male population, the ageadjusted mortality rate has been sharply increasing over the past decade, whereas no such trend has been observed among the female population. (1) This phenomenon probably reflects the real increase of the occurrence of PLC in Japanese men and the possible importance of factors more common in men than in women. Second, the geographic distribution of PLC mortality illustrates the presence of substantially higher rates in western Japan, especially in northern Kyushu Island, where our study area, Fukuoka prefecture, is situated. Since 1989, in this prefecture, PLC has been ranked as the first and third leading cause of site-specific cancer deaths in men and women, respectively.
More than 90% of PLCs in Japan are known to be hepatocellular carcinomas (HCCs). ( 2) The potential determinants of HCC among the Japanese population include the following factors. A) Chronic hepatitis B virus (HBV) infection: It has been claimed that chronic HBV infection accounts for around 40% of all HCC occurrence in Japan. However, the Liver Cancer Study Group of Japan has reported a considerable decline in the prevalence of HBV carriers among patients with HCC over the last two decades (Table 1) .(2,3) Factors other than chronic HBV infection may therefore be playing an increasingly important role. B) Life styles, particularly alcohol consumption and cigarette smoking: Alcohol is a well-known hepatotoxic agent, and heavy drinking has long been implicated in the etiology of HCC.(4) Also, recent epidemiologic studies have suggested a possible association of cigarette smoking with HCC.(5-8) These habits are common among Japanese men and so deserve attention in the light of the observed increase of male PLCs. C) Past history of blood transfusion and hepatitis C virus (HCV) infection: Several clinical investigations have also revealed the development of HCC from patients with post-transfusion non-A, non-B hepatitis, 9) and thus a past history of blood transfusion has been suspected as a potential risk factor for HCC. In 1989, Choo et al. reported the discovery of complementary DNA, presumably derived from a blood-borne non-A, non-B hepatitis virus.(10) They designated the virus as HCV and devised an assay for serum antibodies to HCV (anti-HCV).(11) Data on the results from the assay demonstrated the high prevalence of anti-HCV among HCC patients, (12, 13) and the possible association between HCC and HCV infection has been highlighted.
We conducted a case-control study of HCC in Fukuoka prefecture in relation to the above factors, based on a detailed interview survey as well as a serological determination of HBV and HCV infection. The details of the present study have been described elsewhere. (14) (15) (16) In brief, the cases comprised of 204 Japanese patients with HCC who were admitted to Kyushu University Hospital from December 1985 to June 1989. The selection criteria for cases were: a) those diagnosed as HCC within 1 year prior to identification; b) those aged 40 to 69 years; c) residents of either Fukuoka prefecture or Saga prefecture (neighboring Fukuoka prefecture) and of Japanese nationality. Of the 204 cases, 195 were residents of Fukuoka prefecture, while 9 were from Saga prefecture.
The controls consisted of 410 health examinees aged 40 to 69 years who visited the Hakata Public Health Center located near Kyushu University Hospital between January 1985 and July 1989. We selected controls so that their distribution by sex and age was as close as possible to that of the cases. Those who suffered from definite chronic liver diseases such as chronic hepatitis and liver cirrhosis were excluded. The demographic characteristics of the study subjects are shown in Table 2 . Table 2 Distribution of study subjects by demographic characteristics All subjects were interviewed in person by trained interviewers. They were asked in detail about their drinking and smoking habits throughout their entire lives, past history of blood transfusion, etc. In this study, drinkers were defined as those who had drunk at least one or more units of alcoholic beverages per day, once a week or more, for at least one year. The unit ("drink" in the present study) corresponds to the amount of alcoholic beverage containing 23 ml of ethanol, nearly the equivalent to 150 ml of sake (rice wine), 90 ml of shochu (a distilled alcoholic beverage made in Japan), 450 ml of beer, and 60 ml of hard liquor. Among the drinkers, those who had consumed 80 ml or more ethanol per day for at least 10 years were regarded as having a history of "heavy drinking". For each study subject, the cumulative alcohol consumption in "drink-years" was calculated by multiplying the daily 
RESULTS AND DISCUSSION Table 3 demonstrates the prevalence of chronic HBV infection and past history of blood transfusion and the RRs for those factors. We confirmed the existence of a strong relationship between chronic HBV infection and HCC, as evidenced by the high RR of 14.6 among individuals positive for serum HBsAg after adjustment for sex and age. However, the prevalence of positive HBsAg was only 19% among HCC patients, which corresponded closely to the reported decline of HBV carriers shown in Table 1 . For a history of blood transfusion, blood recipients with transfusions for causes related to liver diseases, e.g., due to bleeding from esophageal varices, were not included in the "positive" category. As displayed in Table 3 , the past history of blood transfusion was significantly associated with around a three-to fourfold elevated HCC risk. The RRs of HCC for drinking habits and their 95% CIs are represented in Figure 1 . In males, 131 HCCs (78%) and 218 controls (75%) had some history of drinking, and 52 HCCs (31%) and 59 controls (20%) had a positive history of heavy drinking; in females, 9 HCCs (25%) and 17 controls (14%) had some history of drinking, and 2 HCCs (6%) and 4 controls (3%) had a positive history of heavy drinking. The risk increase among those who had some history of drinking, as compared with nondrinkers, was slight and statistically nonsignificant. However, the positive history of heavy drinking was associated with a significantly increased RR of 1.8. Figure 1 Relative risks of HCC according to drinking habits, adjusted for sex and age. Error bars show 95% confidence intervals. Regarding the definition of those who had some history of drinking and positive history of heavy drinking, see text.
As for smoking habits, the proportions of nonsmokers, exsmokers and current smokers in males were 10%, 29% and 61%, respectively, for HCCs, and 17%, 26% and 56%, respectively, for the controls; the corresponding figures in females were 81%, 8% and 11% for HCCs, and 82%, 5% and 13% for controls. The sex and age adjusted RRs were estimated to be 1.6 for exsmokers and 1.5 for current smokers, as compared to nonsmokers (Figure 2 ). Both estimate exceeded unity, but were not significantly elevated.
The association of drinking and smoking habits with HCC was also examined in terms of the cumulative consumption of alcohol and cigarettes. The subjects were classified into nine exposure categories according to tertiles of the cumulative alcohol consumption and tertiles of the cumulative amount of smoking among male controls. The RR for each category, as compared with the lowest consumption category, is demonstrated in Figure 3 . Categories with the highest alcohol consumption showed RRs of around 2 regardless of cigarette consumption.
Meanwhile, the effect of cigarette consumption was not evident within each level of alcohol consumption. A test for any interaction between these factors was not significant (p = 0.87).
Drinking Habits
History of Heavy Drinking Figure 4 shows the prevalence of anti-HCV among 91 patients with HCC, 75 patients with LC and 410 controls, from whom sera were available for testing anti-HCV. Anti-HCV were detected in 51% of HCC, 51% of LC and 3% of the controls by both ELISA and RIBA. There were also very few subjects that were ELISA positive and RIBA non-reactive. RIBA is known to be more specific than ELISA. (18, 19) Although some false positives by ELISA are suspected, especially when using stored sera (20) , our results suggest that, in ELISA, the higher prevalence of anti-HCV among HCCs and LCs than among controls is not due to false positives. Only ELISA-positive and RIBA-reactive results are regarded as positive for anti-HCV in the subsequent analyses. Figure 5 displays the prevalence of anti-HCV by selected risk factors. Since the number of female subjects was limited, only the results of male subjects are represented. Among the HBsAg-positive subjects, the prevalence of anti-HCV ranged from 0 to 20%. These values were much lower than those shown in Figure 4 . Among the blood recipients, anti-HCV positives made up about 70% of the patients with HCC or LC and only 13% among the controls. One notable finding was the high prevalence of anti-HCV positives among heavy drinkers or persons without any factors in the patients with HCC or LC. Forty-six to 75% of those patients were positive for anti-HCV. Although HCV was thought to be a blood transfusion-related agent at first, our data suggest the presence of other routes of transmission. In addition, HCV may play a role in patients with so-called "alcoholic" cirrhosis. The RRs for selected factors were estimated with and without adjustment for anti-HCV (Table 4) . Since these RR estimates are based only on the subjects with a proven anti-HCV status, they slightly differ from the RRs derived from the previous analyses. Our study revealed an extremely strong association of anti-HCV with both HCC and LC; the RRs among anti-HCV positive subjects were 52.3 for HCC and 64.4 for LC. These values far exceeded the RRs of 15.3 or 6.1 for positive HBsAg. Among blood recipients, the RRs were 3.8 for HCC and 4.7 for LC. After adjustment for anti-HCV, these figures decreased to 2.0 and 2.7, respectively. There was about a two-fold increase in HCC or LC risk among heavy drinkers; this association did not change materially after adjustment for anti-HCV. In conclusion, we detected a strong relationship between chronic HBV infection and HCC . A past history of blood transfusion was also a significant risk factor for HCC. Heavy alcohol consumption was moderately associated with an increased risk of HCC , but the association with cigarette smoking was uncertain and, if any at all, relatively weak. No interaction between drinking and smoking habits on HCC risk was observed in this study. The association of HCV infection with HCC was found to be extremely strong, and the etiological role of HCV is probably more important than chronic HBV infection. Attributable risk calculations suggest that chronic HBV infection, heavy drinking and HCV infection may account for 17% (95% CI 12-23), 13% (95% CI 4-22), and 49% (95% CI 39-60) of HCC occurrences, respectively, in Fukuoka prefecture. We conclude that the identification of infectious routes of HCV other than blood transfusion will be important in the prevention of HCC and, therefore , further investigations appear to be warranted.
